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Lvvxh Olqndjh/ Ghohjdwlrq/ dqg Lqwhuqdwlrqdo
Srolf| Frrshudwlrq
Jldqfduor Vsdjqror
Fkxufkloo Froohjh/ Fdpeulgjh/ dqg
Vwrfnkrop Vfkrro ri Hfrqrplfv_
Wklv yhuvlrq= Pdufk 49/ 4<<<
Devwudfw
Krz pdq| lqwhuqdwlrqdo djuhhphqwv vkrxog wkhuh eh/ dqg zkr vkrxog vljq wkhpB
Zkhq srolf| lvvxhv duh vhsdudeoh/ olqnlqj wkhp lq d judqg lqwhuqdwlrqdo djuhhphqw
idflolwdwhv srolf| frrshudwlrq e| uhdoorfdwlqj vodfn hqirufhphqw srzhu1 Zkhq srolf| lv0
vxhv duh vxevwlwxwhv/ lvvxh olqndjh ixuwkhu idflolwdwhv srolf| frrshudwlrq e| lqfuhdvlqj wkh
dprxqw ri dydlodeoh hqirufhphqw srzhu1 Wkh frqwudu| kdsshqv zkhq lvvxhv duh frpsoh0
phqwv1 Wkhq d ehwwhu vwudwhj| fdq eh wr ghohjdwh srolf| lvvxhv wr glhuhqw lqghshqghqw
qdwlrqdo djhqflhv1 Frqvwlwxwlrqdo uxohv wkdw shuplw fuhgleoh ghohjdwlrq wr djhqwv zlwk
glhuhqw remhfwlyhv wkdq jryhuqphqwv idflolwdwh lqwhuqdwlrqdo frrshudwlrq e| jhqhudwlqj
vwurqjhu fuhgleoh wkuhdwv1 Lpsolfdwlrqv iru pxowlodwhudo djuhhphqwv duh glvfxvvhg1
Nh|zrugv= Lqwhuqdwlrqdo djuhhphqwv> Srolf| frrshudwlrq> Srolf| frruglqdwlrq> Furvv0
erughu vslooryhuv> Lqwhuqdwlrqdo lqvwlwxwlrqv
M1H1O1 fodvvlfdwlrq= H94> I46> I75> K::
WL dp judwhixo wr wzr dqrq|prxv uhihuhhv ri wklv mrxuqdo zkrvh frpphqwv juhdwo| lpsuryhg wkh sdshu1
Wkdqnv dovr wr Wruh Hoolqjvhq/ Ulfkdug Iulehuj/ Mrkdq Odjhuoùi/ Emùuq Vhjhqgru/ Ur| Udgqhu/ dqg Mùujhq
Z1 Zhlexoo iru xvhixo frpphqwv rq wklv ru vwulfwo| uhodwhg zrun/ dqg wr Sduwkd Gdvjxswd dqg Jldqfduor
Jdqgroir iru hqfrxudjhphqw dqg vxssruw dw doo vwdjhv ri p| uhvhdufk1 Uhpdlqlqj huuruv duh p| rzq1 Ilqdqfldo
vxssruw iurp Frqvljolr Qd}lrqdoh ghooh Ulfhufkh dqg F1L1G1H1L12Xqlyhuvlw| ri Urph Od Vdslhq}d +Srvw0
Grwwrudwr, lv judwhixoo| dfnqrzohgjhg1
_Fruuhvsrqghqfh wr= Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R1 Er{ 9834/ 446 ;6
Vwrfnkrop/ Vzhghq> whohskrqh= 790;0:69<935> id{= 790;064653:> h0pdlo= Jldqfduor1VsdjqrorCkkv1vh
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4 Lqwurgxfwlrq
Wkh surfhvv ri joredol}dwlrq lv pdnlqj qdwlrqv pruh lqwhughshqghqw wkdq hyhu ehiruh1
Kljkhu lqwhughshqghqfh phdqv juhdwhu h{whuqdolwlhv ri grphvwlf srolflhv lpsrvhg rq qhljkeru
frxqwulhv1 Juhdwhu furvv0erughu vslooryhuv lpso| dq lqfuhdvhg qhhg iru lqwhuqdwlrqdo srolf|
frrshudwlrq1
Lw lv zhoo nqrzq wkdw wkh vryhuhljqw| ri qdwlrqv lpsolhv wkdw lqwhuqdwlrqdo djuhhphqwv
kdyh wr eh vhoi0hqiruflqj/ wkdw lv/ frqvwuxfwhg vr wkdw hdfk frxqwu| qgv lw frqyhqlhqw wr
uhvshfw wkhlu uhtxluhphqwv hyhq lq wkh devhqfh ri dq lqwhuqdwlrqdo dxwkrulw| deoh wr hqirufh
wkhp1
Wklv sdshu dgguhvvhv wkh iroorzlqj txhvwlrqv= Zkdw lv wkh rswlpdo ghvljq iru d vhw ri
vhoi0hqiruflqj lqwhuqdwlrqdo srolf| djuhhphqwvB Frxqwulhv pd| ehqhw iurp frrshudwlrq rq
pdq| glhuhqw srolf| lvvxhv1 Zklfk lvvxhv vkrxog hdfk lqwhuqdwlrqdo djuhhphqw uhjxodwhB Lq
rughu wr idflolwdwh lqwhuqdwlrqdo frrshudwlrq vkrxog jryhuqphqwv nhhs doo srolf| lvvxhv xqghu
fhqwudol}hg frqwuro ru vkrxog wkh| ghohjdwh vrph ri wkhp wr lqghshqghqw qdwlrqdo djhqflhv
+h1j1/ fhqwudo edqnv,/ zklfk zrxog wkhq hqwhu lqwr gluhfw lqwhuqdwlrqdo djuhhphqwv zlwk wkhlu
frxqwhusduwv deurdgB Lq wkh vhfrqg fdvh/ zklfk lvvxhv vkrxog eh ghohjdwhg dqg zklfk vkrxog
vwd| xqghu jryhuqphqw frqwuroB Ilqdoo|/ duh frqvwlwxwlrqdo uxohv wkdw doorz jryhuqphqwv wr
fuhgleo| ghohjdwh srolf| fkrlfhv wr lqghshqghqw djhqflhv zlwk glhuhqw remhfwlyhv +h1j1/ wr
pruh frqvhuydwlyh fhqwudo edqnhuv, jrrg ru edg iru lqwhuqdwlrqdo srolf| frrshudwlrqB
Lqwhuqdwlrqdo wudgh frrshudwlrq lv fuxfldo wr suhyhqw qdwlrqv iurp xvlqj ehjjdu0wk|0
qhljkeru surwhfwlrqlvw srolflhv14 Xqfrruglqdwhg prqhwdu| dqg vfdo srolflhv pd| ohdg wr
vxerswlpdo rxwfrphv zkhq lqwhuqdwlrqdo vslooryhuv duh vxevwdqwldo15 Joredo hqylurqphqwdo
lvvxhv srvh vlplodu srolf| glohppdv/ dqg lqwhuqdwlrqdo frrshudwlrq kdv dovr ehhq fdoohg iru
rq frpshwlwlrq/ ghyhorsphqw/ djulfxowxudo/ guxj frqwuro/ dqg rwkhu srolflhv16 Shdfh uhpdlqv
wkh prvw lpsruwdqw sxeolf jrrg lq qhhg ri lqwhuqdwlrqdo frrshudwlrq1 Pdq| ri wkhvh srolf|
lvvxhv kdyh/ lq wkhlu vwdwlf vwuxfwxuh/ wkh ihdwxuhv ri dq lqwhuqdwlrqdo Sulvrqhu*v Glohppd1
Ehfdxvh frxqwulhv idfh vxfk srolf| glohppdv uhshdwhgo| lq wlph/ vhoi0hqiruflqj lqwhuqdwlrqdo
djuhhphqwv fdq eh dqdo|}hg dv htxloleuld ri lqqlwho| uhshdwhg srolf| jdphv1
Vxshujdphv kdyh ehhq xvhg/ iru h{dpsoh/ e| Edjzhoo dqg Vwdljhu +4<<3,/ Kxqjhuirug
+4<<4,/ Ulh}pdq +4<<4,/ dqg rwkhuv wr dqdo|}h iuhh wudgh djuhhphqwv +vhh Vwdljhu 4<<8,/ e|
Fdq}rqhul dqg Khqghuvrq +4<<4,/ Fxuulh dqg Ohylqh +4<<6,/ dqg rwkhuv wr vwxg| prqhwdu|
srolf| frrshudwlrq/ dqg e| Eduuhw +4<<7, dqg rwkhuv iru lqwhuqdwlrqdo hqylurqphqwdo djuhh0
phqwv1 Wr p| nqrzohgjh/ doo wkhvh prghov irfxvhg rq d vlqjoh srolf| glphqvlrq/ wkhuhiruh
4Mrkqvrq +4<86,/ Urelqvrq +4<7:,/ dqg Vflwryv}n| +4<75, duh wkh fodvvlfdo uhihuhqfhv1
5Wkh olwhudwxuh rq prqhwdu| srolf| vslooryhuv lv kxjh> d xvhixo lqwurgxfwlrq lv Eu|dqw +4<<8,1
6Iru h{dpsoh/ vhh Frrshu +4<<7, iru hqylurqphqwdo srolf|/ Vfkhuhu +4<<7, iru frpshwlwlrq srolf|/ Shwhuv
dqg Vwdqwrq hg1 +4<<4, iru djulfxowxudo srolf|/ Vdfkv +4<;:, iru ghyhorshphqw srolf|/ Fhshgd +4<<7, iru guxj
frqwuro srolf|1
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wkh| frxog qrw wdfnoh wkh txhvwlrqv dgguhvvhg khuh1
Uhfhqw frqwulexwlrqv rq lvvxh olqndjh lq lqwhuqdwlrqdo hqylurqphqwdo djuhhphqwv/ iru
h{dpsoh/ e| Irophu/ ydq Prxfkh dqg Udjodqg +4<<4,/ Fduudur dqg Vlqlvfdofr +4<<6/ 4<<8,/
dqg Fhvdu dqg gh ]hhxz +4<<7,/ surylgh suholplqdu| dqvzhuv wr vrph ri wkh txhvwlrqv
deryh1 Krzhyhu/ prvw ri wkhvh dqdo|vhv irfxv rq vwdwlf vwudwhjlf vlwxdwlrqv/ wkhuhiruh wkh|
ohdyh lpsruwdqw dvshfwv ri vhoi0hqiruflqj lqwhuqdwlrqdo djuhhphqwv xqh{soruhg1
Wkh uhdo zruog ri lqwhuqdwlrqdo uhodwlrqv/ rq wkh rwkhu kdqg/ vhhpv grplqdwhg e| wkh
eholhi wkdw nhhslqj srolf| lvvxhv vhsdudwh lv wkh ehvw urxwh wr lqwhuqdwlrqdo frrshudwlrq17 Qrw
rqo| gr zh revhuyh vhsdudwh lqwhuqdwlrqdo djuhhphqwv rq wudgh/ prqhwdu|/ hqylurqphqwdo/
dqg ghihqvh srolflhv> zh hyhq kdyh vhsdudwh djuhhphqwv rq/ vd|/ frqwuro ri FIF hplvvlrqv
dqg surwhfwlrq ri zkdohv1
Lq zkdw iroorzv L dujxh wkdw irfxvlqj rq vlqjoh srolf| lvvxhv lv qrw dozd|v wkh ehvw
vwudwhj| wr dfklhyh lqwhuqdwlrqdo frrshudwlrq/8 dqg wkdw zkhq lw lv/ jryhuqphqwv vkrxog
ghohjdwh srolf| frqwuro wr lqghshqghqw vshfldol}hg djhqflhv1
L surfhhg e| h{whqglqj dqg dsso|lqj wr lqwhuqdwlrqdo srolf| djuhhphqwv Ehuqkhlp dqg
Zklqvwrq*v +4<<3, dqg Vsdjqror*v +4<<9d, dqdo|vhv ri frooxvlrq lq roljrsrolhv zlwk pxowl0
pdunhw frqwdfw1 Wkh edvlf prgho lv h{wuhpho| vw|ol}hg= wzr v|pphwulf frxqwulhv lqwhudfwlqj
vlpxowdqhrxvo| rq vhyhudo srolf| lvvxhv zlwk wkh vwudwhjlf vwuxfwxuh ri lqqlwho| uhshdwhg
Sulvrqhu*v Glohppdv1
L vwduw xqghu wkh dvvxpswlrq wkdw lqwhuqdwlrqdo srolf| jdphv duh ixoo| vhsdudeoh1 Wkhq
wkh vwudwhjlf vwuxfwxuh lv lvrprusklf wr wkdw ri Ehuqkhlp dqg Zklqvwrq +4<<3,/ dqg wkh
ehvw vwudwhj| wr dfklhyh lqwhuqdwlrqdo frrshudwlrq lv wr olqn doo srolf| lvvxhv lqwr d judqg
lqwhuqdwlrqdo djuhhphqw1 Zkhq srolf| jdphv duh vhsdudeoh olqnlqj wkhp fdqqrw kdup
lqwhuqdwlrqdo frrshudwlrq/ zkloh lw fdq idflolwdwh lw e| doorzlqj wkh rswlpdo uhdoorfdwlrq ri
vodfn hqirufhphqw srzhu dprqj srolf| lvvxhv19
L wkhq iroorz Vsdjqror +4<<9d, e| uhod{lqj wkh dvvxpswlrq ri vhsdudeoh srolf| jdphv1
Zkhq srolf| lvvxhv duh vxevwlwxwhv/ olqnlqj wkhp pdnhv sxqlvkphqwv kdughu dqg ghyldwlrqv
ohvv ydoxdeoh/ wkhuhe| idflolwdwlqj srolf| frrshudwlrq zkhwkhu ru qrw vodfn ri hqirufhphqw
srzhu lv dydlodeoh1 Zkhq srolf| lvvxhv duh frpsohphqwv wkh phfkdqlvp zrunv wkh rwkhu zd|
durxqg/ dqg lvvxh olqndjh pdnhv ghihfwlrqv pruh ydoxdeoh dqg sxqlvkphqwv ohvv frvwo|1 Wkhq
7Wr pdnh dq h{dpsoh/ d JDWW2ZWR uxoh glvfrxudjhv frxqwulhv wr xvh wudgh vdqfwlrqv lq rqh duhd dv
wkuhdwv wr hqirufh frrshudwlrq lq xquhodwhg wudgh duhdv1
8Rqh vljq wkdw wklv pd| eh wkh fdvh lv wkdw wkh JDWW2ZWR uxoh phqwlrqhg lq wkh suhylrxv irrwqrwh lv
qrw uhvshfwhg lq lwv vxevwdqfh= wudgh djuhhphqwv rq vrph fodvvhv ri jrrgv duh riwhq dffhswhg dqg uhvshfwhg
rqo| lq h{fkdqjh iru wkh dffhswdqfh dqg uhvshfw ri rwkhu djuhhphqwv rq glhuhqw jrrgv1 Lq rwkhu zrugv/
wkhuh duh lqwhuqdwlrqdo jdlqv iurp wudgh wkdw vxfk d uxoh/ li ixoo| hqirufhg/ zrxog qrw doorz wr eh h{sorlwhg1
9Iru 111idflolwdwhv frrshudwlrq L zloo phdq wkurxjkrxw wkh sdshu 111pdnhv frxqwulhv* lqfhqwlyh frqvwudlqwv
iru uhvshfwlqj dq| djuhhphqw ohvv vwulqjhqw/ vr wkdw d odujhu vhw ri djuhhphqwv ehfrphv vxvwdlqdeoh dw dq|
jlyhq lqwhuwhpsrudo glvfrxqw idfwru/ dqg dq| jlyhq vhw ri djuhhphqwv ehfrphv vxssruwdeoh dw orzhu glvfrxqw
idfwruv1
6
wkh hhfw rq frrshudwlrq lv dpeljxrxv= lvvxh olqndjh lpsuryhv wkh doorfdwlrq ri lqwhuqdwlrqdo
hqirufhphqw srzhu/ exw lw uhgxfhv wkh ryhudoo dprxqw ri lw1
Zkhq wzr frpsohphqw lvvxhv kdyh d vlplodu vwudwhjlf vwuxfwxuh wkh doorfdwlyh jdlqv iurp
d olqndjh duh vpdoo/ dqg duh grplqdwhg e| wkh qhjdwlyh hhfw ri wkh olqndjh rq dydlodeoh
hqirufhphqw srzhu1 Wkhq nhhslqj srolf| djuhhphqwv vhsdudwh e| ghohjdwlqj ghflvlrq srzhu
wr glhuhqw/ lqghshqghqw qdwlrqdo djhqflhv zlwk wkh vdph remhfwlyhv dv wkh jryhuqphqw
idflolwdwhv lqwhuqdwlrqdo srolf| frrshudwlrq e| jhqhudwlqj vwurqjhu fuhgleoh wkuhdwv1
D vlpsoh frqvwlwxwlrqdo uxoh uhtxlulqj dq| fkdqjh ri wkh ghohjdwlrq frqwudfwv +ru ri wkh
ghohjdwhv, wr eh vxemhfw wr sduoldphqwdu| dssurydo lv vx!flhqw khuh wr jlyh ixoo frpplwphqw
ydoxh wr ghohjdwlrq hyhq zkhq frqwudfw uhqhjrwldwlrq lv frvwohvv dqg lqirupdwlrq lv frpsohwh1
Xqghu vxfk d frqvwlwxwlrqdo uxoh/ jryhuqphqwv fdq dovr fuhgleo| ghohjdwh srolf| ghflvlrqv
wr djhqwv zlwk dq remhfwlyh ixqfwlrq glhuhqw iurp wkhlu rzq/ dv lq wkh zrun ri Grodgr hw do1
+4<<7, dqg Fxuulh hw do1 +4<<9,1 Krzhyhu/ frqwudu| wr wkhvh dxwkruv* uhvxowv/ L qg wkdw wkh
rssruwxqlw| wr ghohjdwh srolf| fkrlfhv wr pruh frqvhuydwlyh djhqwv +h1j1 fhqwudo edqnhuv,
whqgv wr idflolwdwh lqwhuqdwlrqdo srolf| frrshudwlrq1
Ilqdoo|/ L uhodwh wkh uhvxowv wr wkh olwhudwxuh rq pxowlodwhudo wudgh djuhhphqwv e| vkrzlqj
wkdw Pdjjl*v +4<<9, dujxphqw wkdw wudgh glyhuvlrq hhfwv pdnh sxqlvkphqwv iurp pxowlodw0
hudo djuhhphqwv uhodwlyho| vwurqjhu fdq eh jhqhudol}hg wr rwkhu srolf| lvvxhv/ wkxv uhlqiruflqj
wkh fdvh iru pxowlodwhudolvp1
Lq zkdw iroorzv L devwudfw iurp dq| wudqvdfwlrq/ exuhdxfudwlf/ ru frpsoh{lw| frvwv
ri lvvxh olqndjh dqg ghohjdwlrq1 Dovr/ frxqwulhv duh prghoohg dv prqrolwkv/ vr L zloo xvh wkh
zrugv frxqwu| dqg jryhuqphqw dv v|qrq|pv1
Wkh prgho lv suhvhqwhg lq Vhfwlrq 5> Vhfwlrq 6 dqdo|}hv lvvxh olqndjh> Vhfwlrq 7 glvfxvvhv
ghohjdwlrq> dqg Vhfwlrq 8 frqvlghuv h{whqvlrqv dqg frqfoxghv1 Surriv duh lq wkh dsshqgl{1
5 D vlpsoh prgho
L zloo zrun zlwk dq h{wuhpho| vw|ol}hg wzr0frxqwu| lqqlwh krul}rq prgho zlwk q srolf|
lvvxhv1: Ehfdxvh ri lqwhuqdwlrqdo vslooryhuv/ dw hdfk srlqw lq wlph hdfk srolf| lvvxh suhvhqwv
wkh ihdwxuhv ri d Sulvrqhu*v Glohppd jdph1 Wlph lv glvfuhwh +wr vlpsoli| qrwdwlrq zh zloo
dyrlg wkh wlph vxshuvfulsw zkhuhyhu srvvleoh,/ wkh wzr lghqwlfdo frxqwulhv duh qdphg D dqg
E/ dqg wkh q srolf| lvvxhv duh lqgh{hg e| wkh vxevfulsw l/ l 5 i4> 5> ===qj = Wkh rqh0shulrg
vwudwhjlf lqwhudfwlrq rq hdfk lvvxh fdq eh uhsuhvhqwhg dv d vhsdudwh Sulvrqhu*v Glohppd lq
zklfk hdfk frxqwu| fdq fkrrvh wr frrshudwh +F, ru ghihfw +G,1 L ohw J ghqrwh wkh rqh0vkrw
Sulvrqhu*v Glohppd rq srolf| lvvxh l> dqg J"

wkh lqqlwho| uhshdwhg srolf| jdph zklfk kdv
:Wkh prgho fdq eh h{whqghg wr wkh fdvh ri ? frxqwulhv dqg frqwlqxrxv srolf| lqvwuxphqwv zlwk qr uhohydqw
fkdqjh lq wkh dqdo|vlv1 Dovr/ jdphv uhshdwhg d qlwh exw xqfhuwdlq qxpehu ri shulrgv ohdg wr lghqwlfdo uhvxowv
vlqfh d frqvwdqw suredelolw| ri wkh jdph hqglqj hdfk shulrg fdq eh hdvlo| lqfrusrudwhg lq wkh glvfrxqw idfwru1
7
J dv lwv vwdjh jdph1 Lq hdfk shulrg srolf| jdphv J  J? duh sod|hg vlpxowdqhrxvo|1
Wkh l0wk rqh0vkrw srolf| Sulvrqhu*v Glohppd lv fkdudfwhul}hg e| jryhuqphqwv* dfwlrq vsdfh
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A 3 iru hyhu| l= L ohw  ? 4 ghqrwh jryhuqphqwv* lqwhuwhpsrudo





L devwudfw iurp sureohpv frqqhfwhg wr lqirupdwlrq dv|pphwulhv e| dvvxplqj wkurxjkrxw
wkh sdshu wkdw frxqwulhv kdyh frpsohwh lqirupdwlrq rq wkh klvwru| ri hdfk srolf| vxshujdph1
L irfxv rq v|pphwulf vwdwlrqdu| djuhhphqwv vxvwdlqhg e| vwdwlrqdu| sxqlvkphqw vwudwh0
jlhv1 L frqvlghu wkuhdwv iurp xquhohqwlqj wuljjhu vwudwhjlhv +uhyhuw wr wkh vwdwlf Qdvk htxl0
oleulxp iruhyhu li d ghyldwlrq lv revhuyhg, dv wkh| duh wkh vlpsohu rswlpdo sxqlvkphqw
vwudwhjlhv wkdw nhhs frxqwulhv dw wkhlu vhfxulw| ohyhov +vhh Iulhgpdq 4<:4/ dqg Deuhx 4<;9,1
Olwwoh zrxog fkdqjh lq wkh dqdo|vlv li wkh sxqlvkphqw skdvh zrxog odvw d qlwh qxpehu ri
shulrgv ru li wkh pruh frpsoh{ uhqhjrwldwlrq0surri sxqlvkphqw vwudwhjlhv sursrvhg e| ydq
Gdpph +4<;<, zhuh dgrswhg1;
L ohw E ghqrwh wkh vkruw0uxq ehqhw iurp ghihfwlqj xqlodwhudoo| iurp dq djuhhphqw
wr frrshudwh lq J"

> dqg F wkh frvw ri ghihfwlqj lq whupv ri orvv ri ixwxuh jdlqv iurp
frrshudwlrq/ zkhuh





^X+> ===[> ===> , X+> ===Q> ===> ,` =
Dq lqwhuqdwlrqdo djuhhphqw wr frrshudwh rqo| rq rqh srolf| lvvxh l lv vxssruwdeoh li E 
F= Zkhq wzr srolf| lvvxhv/ vd| m dqg n> duh olqnhg lq d vlqjoh lqwhuqdwlrqdo djuhhphqw/
frxqwulhv fdq xvh wkh rswlpdo sxqlvkphqw ri lqwhuuxswlqj frrshudwlrq rq erwk lvvxhv wr
ghwhu ghyldwlrqv rq dq| rqh lvvxh/ lq zklfk fdvh li d frxqwu| ghyldwhv lw zloo gr lw rq doo lvvxhv
;Wkhvh dowhuqdwlyh vwudwhjlhv duh htxlydohqw wr xquhohqwlqj wuljjhu vwudwhjlhv dv wkh| dovr fdq gr qr ehwwhu
wkdq nhhslqj ghyldwlqj sod|huv dw wkhlu vhfxulw| ohyhov1
8
vlpxowdqhrxvo| +Ehuqkhlp dqg Zklqvwrq 4<<3,1 Wkhq/ frrshudwlrq rq wkh olqnhg lvvxhv lv
vxssruwdeoh li Ec&  Fc&/ zkhuh
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6 Lvvxh olqndjh dqg lqwhuqdwlrqdo srolf| frrshudwlrq
614 Olqnlqj lvvxhv wr uhdoorfdwh hqirufhphqw srzhu
Olqnlqj srolf| djuhhphqwv rq glhuhqw lvvxhv pd| irvwhu lqwhuqdwlrqdo frrshudwlrq e| lp0
surylqj wkh doorfdwlrq ri vfdufh lqwhuqdwlrqdo hqirufhphqw srzhu1< Wklv dujxphqw fdq eh
ixoo| ghyhorshg zlwklq wkh vlpsohu fdvh ri vhsdudeoh srolf| lvvxhv1
Dvvxpswlrq 4 Jryhuqphqwv* remhfwlyh ixqfwlrq lv olqhduo| vhsdudeoh lq wkh srolf| lvvxhv/
l1h1 X @ X+, . X2+2, . ===. X+?,=
Wklv dvvxpswlrq nhhsv xv zlwklq wkh vwdqgdug prgho ri pxowlsoh lqghshqghqw vxshujdphv
ghyhorshg e| Ehuqkhlp dqg Zklqvwrq +4<<3,1 Xqghu Dvvxpswlrq 4 jryhuqphqwv pd{lpl}h





3|X+, = Wkhq/ dqdo|}lqj d
+vhw ri, srolf| jdph+v, zh fdq devwudfw iurp zkdw kdsshqv lq wkh uhpdlqlqj srolf| jdphv
zlwkrxw dq| orvv ri jhqhudolw|1 Wr olqn djuhhphqwv rq wzr srolf| lvvxhv/ vd| 4 dqg 5/ phdqv
wkdw frxqwulhv ehjlq sod|lqj wkh wzr srolf| jdphv dv d vlqjoh jdph Jc2 zkrvh vwudwhj| vhw
c2 lv wkh Fduwhvldq surgxfw ri wkh vwudwhj| vhwv lq wkh wzr jdphv/ c2 @   2/ dqg
zkrvh vwdwlf sd|r ixqfwlrq lv Xc2 @ X+, . X2+2,1 Zh fdq qrz vwdwh wkh uvw uhvxow1
Sursrvlwlrq 4 Xqghu Dvvxpswlrq 4/ frxqwulhv* delolw| wr vxvwdlq frrshudwlrq lv pd{lpl}hg
zkhq doo q srolf| lvvxhv duh olqnhg lq d xqltxh judqg lqwhuqdwlrqdo djuhhphqw1
Zlwk vhsdudeoh srolf| lvvxhv wkh olqndjh fdqqrw kdyh qhjdwlyh hhfwv rq wkh ghjuhh ri
lqwhuqdwlrqdo frrshudwlrq wkdw frxqwulhv fdq vxvwdlq1 Zkhq frrshudwlrq fdqqrw eh vxssruwhg
<Dowkrxjk  iru wkh vdnh ri fodulw|  lq wkh uhvw ri wklv sdshu L zloo vwlfn wr wkh whuplqrorj| xvhg lq
suhylrxv zrun rq wkh vxemhfw/ txhvwlrqv rq lvvxh olqndjh vhhp qrw zhoo irupxodwhg1 Wzr djhqwv lqwhudfwlqj
vwudwhjlfdoo| rq vhyhudo lvvxhv duh qdwxudoo| uhsuhvhqwhg e| d vlqjoh jdph lq zklfk sod|huv* vwudwhj| vhwv
lqfoxgh fkrlfhv rq doo lvvxhv dw vwdnh1 Wkh vhsdudwlrq ehwzhhq srolf| lvvxhv lqgxfhg e| vhsdudwh lqwhuqdwlrqdo
djuhhphqwv +zkhq fuhgleoh, lv dq duwlfldo uhvwulfwlrq rq sod|huv* vwudwhj| vhwv1 Wkhuhiruh/ L wklqn/ wkh fruuhfw
txhvwlrq lv qrw zkhwkhu ru qrw wr olqn vrph vhsdudwh srolf| lvvxhv exw zkhwkhu ru qrw wr uhpryh wkh duwlfldo
uhvwulfwlrqv wkdw vsolw wkh vwudwhjlf lqwhudfwlrq ehwzhhq jryhuqphqwv lqwr vhyhudo glvmrlqwhg frpsduwphqwv1
9
rq doo srolf| lvvxhv/ frxqwulhv zloo djuhh wr frrshudwh rq d vxevhw ri srolf| lvvxhv vxfk wkdw
frrshudwlrq ehfrphv vxssruwdeoh1 Rq wkh rwkhu kdqg/ frxqwulhv vxssruw frrshudwlrq rq
wkh olqnhg lvvxhv zlwk wkh rswlpdo sxqlvkphqw ri lqwhuuxswlqj frrshudwlrq rq doo lvvxhv li
d ghyldwlrq rq dq| rqh lvvxh rffxuv1 Wkhuhiruh/ zkhq h{shfwhg jdlqv iurp frrshudwlrq
duh odujh zlwk uhvshfw wr vrph srolf| lvvxhv dqg vpdoo zlwk uhvshfw wr rwkhuv/ wkh olqndjh
idflolwdwhv srolf| frrshudwlrq e| doorzlqj wkh vodfn ri h{shfwhg jdlqv iurp frrshudwlrq +ri
hqirufhphqw srzhu, suhvhqw lq wkh uvw lvvxhv wr glvflsolqh srolf| fkrlfhv lq wkh vhfrqg lvvxhv1
615 Lvvxh olqndjh dqg wkh dprxqw ri hqirufhphqw srzhu
Wkh lqwhuqdwlrqdo srolf| glohppdv zh xvxdoo| ghslfw dv vlqjoh Sulvrqhu*v Glohppdv duh vho0
grp lqghshqghqw iurp rwkhu vwudwhjlf lqwhudfwlrqv jryhuqphqwv duh lqyroyhg lq1 Lq rughu wr
hydoxdwh wkh hhfwv ri wkh srvvleoh lqwhughshqghqfh ehwzhhq srolf| lvvxhv/ L iroorz Vsdjqror
+4<<9d, e| ohwwlqj jryhuqphqwv* hydoxdwlrq ri srolf| uhvxowv iurp rqh lvvxh ghshqg rq wkh
uhvxowv rewdlqhg iurp rwkhuv1





Qrz zh fdq vwdwh zkdw iroorzv1
Sursrvlwlrq 5 Vxssrvh dq| wzr srolf| lvvxhv duh vxevwlwxwhv1 Wkhq/ olqnlqj wkhp lq d
vlqjoh lqwhuqdwlrqdo djuhhphqw dozd|v idflolwdwhv srolf| frrshudwlrq rq wkhvh lvvxhv1
Zkhq lvvxhv duh vxevwlwxwhv d vlpxowdqhrxv lqwhuuxswlrq ri frrshudwlrq rq pruh srolf|
lvvxhv lv d uhodwlyho| vwurqjhu wkuhdw ehfdxvh zkhq frxqwulhv gr qrw frrshudwh rq rqh lv0
vxh wkh| ydoxh uhodwlyho| pruh frrshudwlrq rq vxevwlwxwh lvvxhv1 Frqyhuvho|/ wkh rqh0vkrw
jdlqv iurp wkh vlpxowdqhrxv ghihfwlrqv rq wkh olqnhg vxevwlwxwh lvvxhv duh ohvv ydoxdeoh wr
jryhuqphqwv wkdq wkh vxp ri wkh rqh0vkrw jdlqv iurp wkh lqghshqghqw ghyldwlrqv1 Wkhvh
wzr hhfwv idflolwdwh srolf| frrshudwlrq rq wkh olqnhg lvvxhv zkhwkhu ru qrw wkhuh lv vodfn
hqirufhphqw srzhu1 D Fruroodu| iroorzv vwudljkwiruzdugo| iurp Sursrvlwlrq 51




;l 9@ n> dqg +ll, wkhuh h{lvwv d vhw ri lvvxhv V
vxfk wkdw l dqg m duh vxevwlwxwh iru dq| l> m 5 V= Wkhq lq dq| rswlpdoo| ghvljqhg vhw ri
lqwhuqdwlrqdo djuhhphqwv doo lvvxhv lq V duh olqnhg lq wkh vdph djuhhphqw1
Li dq| wzr vxevwlwxwh djuhhphqwv duh qrw olqnhg/ olqnlqj wkhp lqfuhdvhv dydlodeoh hqirufh0
phqw srzhu wkxv doorzlqj srolf| frrshudwlrq wr eh vxssruwhg rq pruh srolf| lvvxhv ru dw




iru vrph l dqg n> frrshudwlrq rq vrph
lvvxhv jhqhudwhv zhdowk hhfwv wkdw pd| dhfw lq glhuhqw zd|v wkh whupv ri lqwhudfwlrq
:
rq rwkhu lvvxhv1 Lq wklv fdvh qrwklqj jhqhudo fdq eh vdlg derxw wkh rswlpdolw| ri d vhw ri
djuhhphqwv1
Zkhq srolf| lvvxhv duh frpsohphqwv wkh phfkdqlvp zrunv lq wkh rssrvlwh gluhfwlrq1 D
vlpxowdqhrxv lqwhuuxswlrq ri frrshudwlrq rq pruh lvvxhv lv d uhodwlyho| zhdnhu sxqlvkphqw/
dqg d vlpxowdqhrxv ghyldwlrq iurp frrshudwlrq pdnhv vkruw0uxq jdlqv iurp ghyldwlqj rq
hdfk lvvxh pruh ydoxdeoh1 Irupdoo|=
Fruroodu| 5 Zkhq wzr srolf| lvvxhv m dqg n duh frpsohphqwv lw krogv Ec& A E .E& dqg
Fc& ? F .F&=
+Wkh Surri lv wkh frqyhuvh ri wkdw ri Sursrvlwlrq 5,
Lw iroorzv wkdw zkhq srolf| lvvxhv duh frpsohphqwv lvvxh olqndjh kdv dq dpeljxrxv hhfw
rq lqwhuqdwlrqdo frrshudwlrq= rq rqh vlgh lw idflolwdwhv lw e| doorzlqj iru d ehwwhu doorfdwlrq
ri wkh hqirufhphqw srzhu ehwzhhq lvvxhv> rq wkh rwkhu vlgh/ lw klqghuv lw e| uhgxflqj wkh
ryhudoo dprxqw ri dydlodeoh hqirufhphqw srzhu1
7 Ghohjdwlrq dqg srolf| frrshudwlrq
714 Ghohjdwlrq dv vhsdudwlrq ri srzhuv
Fruroodu| 5 vxjjhvwv wkdw zkhq wzr frpsohphqw srolf| lvvxhv duh vlplodu zlwk uhvshfw wr
dydlodeoh hqirufhphqw srzhu/ vr wkdw doorfdwlyh jdlqv iurp d olqndjh duh vpdoo/ srolf| fr0
rshudwlrq vkrxog eh hdvlhu li jryhuqphqwv frxog frpplw wr wuhdw wkh lvvxhv lqghshqghqwo|1
Rqh zd| wr lpsohphqw wklv frpplwphqw lv wr ghohjdwh ghflvlrq srzhu wr glhuhqw/ lqgh0
shqghqw qdwlrqdo djhqflhv1 Iru vlpsolflw| L irfxv h{foxvlyho| rq wkh hhfwv ri revhuydeoh
ghohjdwlrq143 Dvvxph whpsrudulo| wkdw wkh frqwudfw ehwzhhq jryhuqphqwv dqg ghohjdwhv lv
sxeolfo| revhuydeoh dqg fdqqrw eh vhfuhwo| uhqhjrwldwhg1 Lqghhg/ zh fdq vwdwh zkdw iroorzv1
Sursrvlwlrq 6 Vxssrvh wzr srolf| lvvxhv duh frpsohphqwv dqg qrw wrr glvvlplodu zlwk uh0
vshfw wr dydlodeoh hqirufhphqw srzhu1 Wkhq/ ghohjdwlqj hdfk lvvxh wr d glhuhqw lqghshqghqw
qdwlrqdo djhqf| zlwk wkh vdph remhfwlyhv wkdq wkh jryhuqphqw idflolwdwhv lqwhuqdwlrqdo srolf|
frrshudwlrq rq wkhvh lvvxhv1
Zkhq dv|pphwulhv lq wkh vwudwhjlf vwuxfwxuh ri wkh srolf| lvvxhv duh vpdoo/ vodfn hqirufh0
phqw srzhu lv vfdufh dqg wkh doorfdwlyh jdlqv iurp d olqndjh duh grplqdwhg e| wkh qhjdwlyh
hhfw ri wkh olqndjh rq dydlodeoh hqirufhphqw srzhu1 Wkhq/ vhsdudwlrq wkurxjk ghohjdwlrq
lv wkh ehvw zd| wr srolf| frrshudwlrq1
43Hduo| vwxglhv ri ghohjdwlrq zlwk revhuydeoh frqwudfwv duh Fudzirug dqg Yduldq +4<:<, dqg Vreho +4<;4,
lq edujdlqlqj/ dqg Ylfnhuv +4<;8,/ Ihuvkwpdqq dqg Mxgg +4<;:, dqg Vnolydv +4<;:, lq roljrsro|1
;
Lw lv zruwk qrwlqj wkdw suhylrxv zrun rq ghohjdwlrq lq edujdlqlqj/ lqgxvwuldo rujdql0
}dwlrq/ dqg pdfurhfrqrplfv irfxvhv rq d vlqjoh lvvxh dqg rq vwdwlf vwudwhjlf lqwhudfwlrqv1
Lq wkhvh olwhudwxuhv ghohjdwlrq ri ghflvlrq srzhu kdv vwudwhjlf hhfwv rqo| zkhq lw glvwruwv
wkh sulqflsdo*v remhfwlyh ixqfwlrq1 Lq frqwudvw/ rxu pxowl0lvvxh prgho vkrzv wkdw ghohjdwlrq
kdv uhohydqw vwudwhjlf hhfwv dovr zkhq ghohjdwhv dqg sulqflsdov kdyh lghqwlfdo remhfwlyh
ixqfwlrqv1
715 Lv ghohjdwlrq d fuhgleoh frpplwphqw ghylfhB
Ghzdwulsrqw +4<;;, dqg Ndw} +4<<4, kdyh txhvwlrqhg wkh ydoxh ri frqwudfwxdo suhfrpplw0
phqwv vxfk dv ghohjdwlrq zkhq wkhuh lv frpsohwh lqirupdwlrq1 Frqwudfwv duh slhfhv ri sdshu
wkdw fdq eh uhqhjrwldwhg dzd| zkhq wklv lv lq wkh lqwhuhvw ri wkh frqwudfwlqj sduwlhv1 Wklv
lvvxh kdv ehhq uhfhqwo| eurxjkw xs e| PfFdooxp +4<<8, dqg Mhqvhq +4<<:, lq wkh frqwh{w
ri prqhwdu| srolf| ghohjdwlrq1
Dowkrxjk lq wkh devhqfh ri h{rjhqrxv uhqhjrwldwlrq frvwv wkh lqwulqvlf frvw ri edujdlq0
lqj rq jdlqv iurp uhqhjrwldwlrq zloo vwloo jlyh vrph frpplwphqw srzhu wr d frqwudfw +h1j1
Dqghuolql dqg Ihool 4<<;,/ lq wzr0sduw| uhodwlrqv xqghu shuihfw lqirupdwlrq vhfuhw uhqhjrwl0
dwlrq pd| uhgxfh vxevwdqwldoo| wkh frpplwphqw ydoxh ri ghohjdwlrq1 Krzhyhu/ wklv lv pxfk
ohvv vr lq wkh fdvh ri d jryhuqphqw vxssruwhg e| d frdolwlrq ri sduwlhv/ ru ri d sduoldphqw/
ghohjdwlqj srolf| ghflvlrqv wr dq lqghshqghqw djhqf|1 Iluvw/ d pxowlsolflw| ri sduwlhv lq wkh
uhqhjrwldwlrq surfhvv lqfuhdvhv wkh frpsoh{lw| ri edujdlqlqj/ dqg frqvhtxhqwo| wkh lqwulq0
vlf frvw ri uhqhjrwldwlrq1 Vhfrqg/ dqg lqghshqghqwo| ri uhqhjrwldwlrq frvwv/ d sduoldphqw
pd| pdnh vhfuhw uhqhjrwldwlrq lpsrvvleoh e| lqwurgxflqj d frqvwlwxwlrqdo uxoh wkdw uhtxluhv
dq| fkdqjh ri wkh ghohjdwlrq frqwudfw +ru ri wkh ghohjdwh, wr eh vxemhfw wr d sduoldphqwdu|
glvfxvvlrq dqg dssurydo144
Wr vhh krz wklv zrunv/ frqvlghu rxu vlpsoh prgho dqg ohw jryhuqphqwv eh iuhh wr vhfuhwo|
uhqhjrwldwh frqwudfwv zlwk wkh lqghshqghqw djhqflhv dw dq| srlqw lq wlph xqghu shuihfw
lqirupdwlrq1 Ixuwkhu/ ohw xv dgrsw wkh h{wuhph dvvxpswlrq wkdw wkhuh duh qhlwkhu h{rjhqrxv
qru lqwulqvlf +edujdlqlqj, frvwv ri uhqhjrwldwlrq1 Vwloo/ zh fdq vwdwh zkdw iroorzv1
Sursrvlwlrq 7 Vxssrvh vhfuhw uhqhjrwldwlrq lv srvvleoh dqg frvwohvv1 Li doo frxqwulhv lqwur0
gxfh d uxoh wkdw uhtxluhv dq| fkdqjh ri ghohjdwlrq frqwudfwv +ru ri ghohjdwhv, wr eh vxemhfw wr
sduoldphqwdu| dssurydo/ ghohjdwlrq lv fuhgleoh dqg Sursrvlwlrq 6 krogv xqfkdqjhg1
Wklv lv vr ehfdxvh lq rxu prgho wkh rqo| uhdvrq iru d jryhuqphqw wr uhqhjrwldwh ghohjdwlrq
+ru wkh uxoh wkdw pdnhv lw fuhgleoh, lv wr lqgxfh d ghyldwlrq1 Dv vrrq dv uhqhjrwldwlrq lv
revhuyhg/ rwkhu jryhuqphqwv ru wkhlu ghohjdwhv uhdfw rswlpdoo| e| dovr ghyldwlqj/ vr wkdw
qr vkruw0uxq jdlq fdq eh rewdlqhg e| vlpxodwlqj d frpplwphqw1 Wkhuhiruh wkh vlpsoh
44Wklv lv wkh fdvh/ iru h{dpsoh/ ri Qhz ]hdodqg*v fhqwudo edqnhu*v lqfhqwlyh vfkhph1
<
frqvwlwxwlrqdo uxoh deryh lv vx!flhqw wr jlyh ixoo frpplwphqw ydoxh wr ghohjdwlrq frqwudfwv
hyhq lq wkh h{wuhph fdvh zkhq uhqhjrwldwlrq lv frvwohvv dqg lqirupdwlrq shuihfw1
716 Ghohjdwlrq dv d wkuhdw
Ixuwkhu lqvljkwv fdq eh ghulyhg iurp wkh prgho e| dovr doorzlqj iru fuhgleoh srolf| ghohjdwlrq
wr djhqwv zlwk d glhuhqw remhfwlyh ixqfwlrq wkdq wkhlu jryhuqphqwv*1 Wkhq zh fdq dvn/ pruh
jhqhudoo|= duh frqvwlwxwlrqdo uxohv wkdw frqihu frpplwphqw ydoxh wr srolf| ghohjdwlrq jrrg
ru edg iru lqwhuqdwlrqdo srolf| frrshudwlrqB
Grodgr hw do1 +4<<7, dqg Fxuulh hw do1 +4<<9, kdyh vkrzq lq wzr0vwdjh prghov zlwk +prq0
hwdu|, srolf| vslooryhuv wkdw jryhuqphqwv* rssruwxqlw| wr ghohjdwh ghflvlrqv pd| jhqhudwh
dq dgglwlrqdo lqwhuqdwlrqdo Sulvrqhu*v Glohppd1 Hdfk jryhuqphqw pd| qg lw xqlodwhudoo|
rswlpdo wr fkrrvh d pruh frqvhuydwlyh djhqw +h1j1 fhqwudo edqnhu, lq rughu wr hqmr| odujhu
vslooryhuv iurp rwkhu frxqwulhv1 Zkhq doo jryhuqphqwv fdq ghohjdwh/ doo fkrvhq srolf| pdnhuv
duh wrr frqvhuydwlyh dqg wkh ruljlqdo srolf| glohppd lv zruvhqhg1
Iruwxqdwho|/ prvw srolf| vslooryhuv duh qrw rqfh0lq0d0olih0wlph hyhqwv dqg frxqwulhv lq0
whudfw uhshdwhgo| lq wlph1 Lq dq lqqlwho| uhshdwhg srolf| jdph wkh hhfw ri wkh rssruwxqlw|
wr ghohjdwh wxuqv rxw wr eh txlwh glhuhqw1 Ohw \ ghqrwh frxqwu| l*v zhoiduh +qdwlrqdo surg0
xfw/ lq wkh h{dpsoh ri prqhwdu| srolf|, lq d shulrg lq zklfk doo frxqwulhv ghohjdwh d srolf|
lvvxh zlwk lqwhuqdwlrqdo vslooryhuv wr pruh frqvhuydwlyh djhqwv/ \ ghqrwh zhoiduh zkhq
fuhgleoh ghohjdwlrq lv qrw ihdvleoh exw frxqwulhv gr qrw frrshudwh/ \ ghqrwh zhoiduh zkhq
frxqwulhv frrshudwh dqg fkrrvh wkh joredoo| rswlpdo srolflhv wkdw lqwhuqdol}h vslooryhuv/ dqg
\
_
zhoiduh zkhq wkh frxqwu| xqlodwhudoo| ghyldwhv iurp dq lqwhuqdwlrqdo djuhhphqw wr fkrrvh
joredoo| rswlpdo srolflhv/ zkhuh \
_
A \ A \ A \= Qrz rqh fdq vwdwh wkh iroorzlqj uhvxow1
Sursrvlwlrq 8 Wkh rssruwxqlw| wr fuhgleo| ghohjdwh srolf| fkrlfhv wr ryhu0frqvhuydwlyh
djhqwv idflolwdwhv lqwhuqdwlrqdo srolf| frrshudwlrq1
Wkh dgglwlrqdo Sulvrqhu*v Glohppd lqgxfhg e| frqvwlwxwlrqdo uxohv wkdw pdnh ghohjdwlrq
fuhgleoh zruvhqv frxqwulhv* vlwxdwlrq lq wkh devhqfh ri dq lqwhuqdwlrqdo djuhhphqw +orzhuv
wkhlu vhfxulw| ohyhov,/ wkhuhe| vwuhqjwkhqlqj wkh wkuhdw wr uhyhuw wr qrq0frrshudwlyh srolflhv1
Ehfdxvh jdlqv iurp ylrodwlqj wkh djuhhphqw qhhg qrw eh dhfwhg e| wkh rssruwxqlw| wr
ghohjdwh/ vxfk rssruwxqlw| xqdpeljxrxvo| idflolwdwhv lqwhuqdwlrqdo srolf| frrshudwlrq1
8 H{whqvlrqv dqg frqfoxvlrqv
814 Ghohjdwhv* lqfhqwlyhv dqg srolf| frrshudwlrq
Lq wkh zrunlqj sdshu +4<<9f, L vkrz wkdw jryhuqphqwv fdq ixuwkhu idflolwdwh lqwhuqdwlrqdo
frrshudwlrq e| ghvljqlqj ghohjdwhv* lqfhqwlyhv vr wkdw wkhlu jdlqv iurp ghihfwlqj duh uhgxfhg1
43
Iru h{dpsoh/ d ghohjdwlrq frqwudfw vxfk wkdw wkh ghohjdwh lv sdlg d {hg shu0shulrg uhqw
+d kljk zdjh/ shutxlvlwhv/ hwf1, dv orqj dv srolf| uhvxowv duh vdwlvidfwru| dqg lv uhsodfhg
li wkh uhvxowv ehfrph edg/ uhpryhv doo wkh ghohjdwh*v vkruw0uxq lqfhqwlyhv wr ghihfw iurp
dq lqwhuqdwlrqdo djuhhphqw wkdw gholyhuv vdwlvidfwru| srolf| uhvxowv1 Li doo frxqwulhv xvh
wklv lqfhqwlyh vfkhph/ lqwhuqdwlrqdo frrshudwlrq ehfrphv vxvwdlqdeoh dw dq| ohyho ri wkh
glvfrxqw idfwru1 Ixuwkhupruh/ jryhuqphqwv fdqqrw orvh e| ghohjdwlqj/ dv hdfk ghohjdwh
frrshudwhv rqo| li kh revhuyhv wkdw doo jryhuqphqwv ghohjdwhg/ dqg wr ghihfw d jryhuqphqw
pxvw uvw uhqhjrwldwh wkh frqwudfw zlwk klv ghohjdwh/ zklfk pdnhv wkh ghihfwlrq revhuydeoh
dqg wkhuhiruh xqsurwdeoh145
815 Pxowlodwhudo yhuvxv elodwhudo frrshudwlrq
D uhfhqw sdshu e| Pdjjl +4<<9, dqdo|}hv pxowlodwhudo wudgh frrshudwlrq lq wkh suhvhqfh ri
dv|pphwulf wudgh uhodwlrqv146 Lq d wkuhh0frxqwu| prgho zlwk vhsdudeoh wudgh uhodwlrqv Pdjjl
ghprqvwudwhv/ dprqj rwkhu wklqjv/ wkdw d pxowlodwhudo dssurdfk idflolwdwhv lqwhuqdwlrqdo
wudgh frrshudwlrq e| doorzlqj iru wklug0sduw| vdqfwlrqv1 Dw wkh hqg ri klv sdshu wkh
dxwkru dovr dujxhv wkdw d pxowlodwhudo dssurdfk idflolwdwhv lqwhuqdwlrqdo frrshudwlrq hyhq
pruh zkhq wudgh glyhuvlrq hhfwv duh wdnhq lqwr dffrxqw1 Wkhvh hhfwv pdnh wkuhdwv zhdnhu
lq elodwhudo uhodwlrqv/ vlqfh hdfk frxqwu| fdq sduwldoo| vxevwlwxwh wudgh zlwk rqh sduwqhu zlwk
wudgh zlwk wkh rwkhu1
Wkh dujxphqw lv forvh wr wkdw lq Vhfwlrq 615/ dowkrxjk khuh wkh pxowlsolflw| ri uhodwlrqv
dhfwv lqfhqwlyhv wr ghyldwh/ dorqj zlwk wkh vwuhqjwk ri wkh sxqlvkphqwv1 Wkh vlpsoh prgho
ri Vhfwlrq 5 fdq eh hdvlo| uhlqwhusuhwhg wr vkrz wkdw zkhqhyhu srolf| frrshudwlrq zlwk rqh
frxqwu| lv d +shuihfw ru lpshuihfw, vxevwlwxwh iru srolf| frrshudwlrq zlwk dqrwkhu/ pxowlodwhudo
djuhhphqwv idflolwdwh lqwhuqdwlrqdo frrshudwlrq1 Iru h{dpsoh/ vxssrvh wkhuh duh wkuhh v|p0
phwulf frxqwulhv dqg d vlqjoh srolf| lvvxh/ dqg wkdw ehwzhhq hdfk wzr frxqwulhv wkh srolf|
lvvxh kdv wkh sd|rv ri wkh Sulvrqhu*v Glohppd lq Vhfwlrq 51 Wkhq/ hdfk frxqwu| zloo uhvshfw
d pxowlodwhudo djuhhphqw li dqg rqo| li Ec  Fc  zkhuh wkh vxevfulswv duh qrz uhodwlyh wr
wkh rwkhu wzr frxqwulhv  zkloh wkh qhfhvvdu| frqglwlrqv iru frrshudwlrq ehlqj vxvwdlqdeoh lq
elodwhudo djuhhphqwv duh E  F dqg E  F= E| wkh surri ri Sursrvlwlrq 5/ zkhq sd|rv
iurp srolf| frrshudwlrq zlwk wkh wzr frxqwulhv duh vxevwlwxwhv lw krogv Ec ? E .E dqg
Fc A F.F > dqg d pxowlodwhudo iudphzrun dozd|v idflolwdwhv frrshudwlrq +zkhwkhu ru qrw
wkhuh duh dv|pphwulhv ehwzhhq wkh srolf| jdphv,1
45 Lqghhg/ frrshudwlrq ehwzhhq fhqwudo edqnhuv dsshduv riwhq pruh hdvlo| dfklhyhg wkdq frrshudwlrq eh0
wzhhq jryhuqphqwv1 Iru d ghwdlohg glvfxvvlrq ri wklv w|sh ri ghohjdwlrq frqwudfwv lq +roljrsrolvwlf, vxshujdphv
vhh Vsdjqror +4<<9e,1
46 L dp judwhixo wr d uhihuhh ri wklv mrxuqdo zkr ohw ph qrwh wkh dqdorjlhv zlwk Pdjjl*v zrun1
44
816 Frqfoxglqj uhpdunv
Wr foduli| krz wkh uhvxowv deryh pd| dsso| wr uhdo zruog vlwxdwlrqv/ ohw ph pdnh d ihz
h{dpsohv1 Prqhwdu| dqg vfdo srolflhv duh riwhq frqvlghuhg frpsohphqwv= frruglqdwlrq ri
vfdo srolf| dsshduv wr pdnh frruglqdwlrq ri prqhwdu| srolf| pruh hhfwlyh/ dqg wkhuhiruh
pruh ydoxdeoh wr jryhuqphqwv +h1j1 PfNleelq dqg Vdfkv 4<<4,1 Wkhq/ Sursrvlwlrq 6 vxj0
jhvwv wkdw  li vwudwhjlf dv|pphwulhv duh qrw wrr odujh  nhhslqj wkh wzr lvvxhv vhsdudwh
e| lqfuhdvlqj fhqwudo edqnv* lqghshqghqfh pljkw idflolwdwh srolf| frrshudwlrq1 Wkh fdvh iru
fhqwudo edqnv* lqghshqghqfh lv uhlqirufhg e| wkh dujxphqwv lq Vhfwlrqv 716 dqg 8141 Frq0
yhuvho|/ glhuhqw lvvxhv lq ghihqvh srolf| vhhp sduwldo vxevwlwxwhv +iru h{dpsoh/ dlu dqg vhd
ghihqvh,/ lq zklfk fdvh d frpsuhkhqvlyh ghihqvh djuhhphqw vkrxog vwdelol}h lqwhuqdwlrqdo
frrshudwlrq1 Frqvlghu wudgh dqg hqylurqphqwdo srolflhv1 Wkhuh lv dq hqruprxv dv|pphwu|
lq dydlodeoh hqirufhphqw srzhu ehwzhhq wkhvh wzr +vhwv ri, lvvxhv1 Wklv lv gxh wr iuhh wudgh
ehlqj dq h{foxgdeoh jrrg/ zklfk doorzv fuhgleoh wudgh vdqfwlrqv wr eh vhohfwlyh zlwk uhjdug
wr wkh ghyldqw frxqwu|/ dqg wkhuhiruh pxfk vwurqjhu wkdq hqylurqphqwdo vdqfwlrqv1 Wkhq/
wkh doorfdwlyh dujxphqw ehklqg Sursrvlwlrq 4 vkrxog suhydlo= wkh prgho vxjjhvwv wkdw olqn0
lqj hqylurqphqwdo djuhhphqwv wr wudgh ru dq| rwkhu srolf| djuhhphqw zlwk h{foxgdeoh jdlqv
iurp frrshudwlrq lv wkh ehvw zd| wr lqwhuqdwlrqdo frrshudwlrq1
45
9 Dsshqgl{
Surri ri Sursrvlwlrq 41 Xqghu Dvvxpswlrq 4 lw krogv E @ X+\,  X+[, dqg F @
B
3B ^X+[, X+Q,` = Zkhq dq| wzr srolf| lvvxhv m dqg n duh olqnhg lq d vlqjoh lqwhu0
qdwlrqdo djuhhphqw/ frxqwulhv* rswlpdo sxqlvkphqw vwudwhjlhv frqvlvw ri uhyhuwlqj wr wkh
qrq0frrshudwlyh vwudwhj| rq doo srolf| lvvxhv diwhu d ghyldwlrq rq dq| rqh lvvxh1 Jlyhq
wkhvh sxqlvkphqw vwudwhjlhv/ d frxqwu|*v rswlpdo ghyldwlrq lv d vlpxowdqhrxv ghyldwlrq
rq doo lvvxhv1 Wkhq wkh ehqhw iurp ghihfwlqj xqlodwhudoo| iurp wkh olqnhg djuhhphqw lv
Ec& @ E .E&/ wkh frvw ri ghihfwlqj lv Fc& @ F .F&> dqg wkh olqnhg djuhhphqw lv vxvwdlq0
deoh li E .E&  F . F&= Vxssrvh E  F dqg E&  F&> wkhq E .E&  F . F& dqg
wkh olqndjh grhv qrw dhfw frxqwulhv* delolw| wr frrshudwh +frrshudwlrq lv vxssruwdeoh lq dq|
fdvh,1 Vxssrvh E A F dqg E& A F&> wkhq E .E& A F . F& dqg wkh olqndjh grhv qrw
dhfw frxqwulhv* delolw| wr frrshudwh +frrshudwlrq lv qrw vxssruwdeoh lq dq| fdvh,= Vxssrvh
E  F dqg E& A F&> wkhq li E&  F&  F  E wkh olqndjh idflolwdwhv frrshudwlrq dv
srolf| frrshudwlrq ehfrphv vxssruwdeoh rq erwk lvvxhv/ li E&  F& A F E wkh olqndjh
ohdyhv frxqwulhv* delolw| wr frrshudwh xqdhfwhg dv djdlq rqo| srolf| frrshudwlrq rq lvvxh m
lv vxssruwdeoh1 Dq dqdorjrxv dujxphqw dssolhv zkhq E A F dqg E&  F&= Qrz frqvlghu
wkh olqnhg djuhhphqw ehwzhhq srolf| lvvxhv m dqg n> dqg dq| wklug srolf| lvvxh o= Wkh vdph
dujxphqw dssolhv/ vr olqnlqj lvvxh o wr wkh olqnhg lvvxhv m dqg n hlwkhu lqfuhdvhv ru ohdyhv
xqfkdqjhg d jryhuqphqw*v delolw| wr vxvwdlq frrshudwlrq1 Wkh vdph orjlf dssolhv wr doo rwkhu
lvvxhv/ dqg wkh vwdwhphqw iroorzv1 
Surri ri Sursrvlwlrq 51 L uvw vwdwh d vlpsoh ohppd1
Ohppd 4 Ohw X+{> |, = U  U $ U eh frqwlqxrxv/ glhuhqwldeoh/ dqg vxfk wkdw X% A 3/
X+ A 3> X%%  3 dqg X++  3= Wkhq/ iru hyhu| {
> {> |> |> zlwk { A { dqg | A |/
X%+ @ X+% ? +A,3/ X+{
> |, X+{> |, ? +A,X+{> |, X+{> |,=
Surri1 Wkh lqhtxdolw| deryh lv vdwlvhg li YdLE%c+
3LE%c+o
Y%







zklfk lv dozd|v vdwlvhg zkhq X%+ ? +A,31 
Qrz/ zkhq dq| wzr lvvxhv m dqg n duh qrw olqnhg lq d vlqjoh djuhhphqw frrshudwlrq fdq
eh vxvwdlqhg rq erwk lvvxhv li E  F dqg E&  F&> zklfk qhfhvvdulo| lpso| E . E& 
F . F&= Zkhq lvvxhv duh olqnhg wkh frqglwlrq lv lqvwhdg Ec&  Fc&= Zkhq srolf| lvvxhv
duh vxevwlwxwhv olqnlqj lvvxhv dozd|v idflolwdwhv frrshudwlrq vlqfh lw lv dozd|v Ec& ? E .E&
dqg Fc& A F . F&= Wr yhuli| wklv/ vxevwlwxwh wkh ghqlwlrqv lq Ec& ? E .E& dqg qrwh
wkdw lq rughu iru frrshudwlrq wr eh vlpxowdqhrxvo| vxssruwdeoh rq lqghshqghqw lvvxhv wkh
lqghshqghqw ghyldwlrqv rq hdfk vlqjoh lvvxh pxvw dovr eh vlpxowdqhrxvo| ghwhuuhg/ vr wkdw
zh pxvw vhw  @ [ lq E& dqg & @ [& lq E = Uhduudqjlqj/ rqh rewdlqv
X+> ===> \> \&> ===>?, X+> ===>[> \&> ===>?, ?
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? X+> ===> \>[&> ===>?, X+===>[ >[&> ===>?,>
zklfk lv vdwlvhg e| Ohppd 41 Frqyhuvho|/ vxevwlwxwh wkh ghqlwlrqv lq Fc& A F .F& dqg
qrwh wkdw ehfdxvh zkhq lvvxhv duh qrw olqnhg sxqlvkphqwv duh qrw vlpxowdqhrxv zh pxvw vhw
 @ [ lq F& dqg & @ [& lq F&= Uhduudqjlqj/ rqh rewdlqv
X+> ===>[>Q&> ===>?, X+> ===>Q >Q&> ===>?, A
A X+> ===>[ >[&> ===>?, X+> ===>Q >[&> ===>?,>
zklfk/ djdlq/ lv vdwlvhg e| Ohppd 41 
Surri ri Sursrvlwlrq 61 Frqvlghu wzr srolf| lvvxhv m dqg n rq zklfk frrshudwlrq
lv vxssruwdeoh zlwk qr vodfn hqirufhphqw srzhu/ l1h1 vxfk wkdw E @ F dqg E& @ F&1
E| Fruroodu| 5 zkhq m dqg n duh frpsohphqwv E @ F dqg E& @ F& lpso| Ec& A Fc&=
Wkhq frrshudwlrq fdq eh vxssruwhg rq erwk lvvxhv zkhq wkh wzr srolf| jdphv duh sod|hg
lqghshqghqwo| dqg lq qhlwkhu ri wkhp zkhq wkh| duh olqnhg1 Wkh ixqfwlrqv E dqg F
duh glhuhqfhv ri xwlolw| ixqfwlrqv frqwlqxrxv lq srolf| jdphv* pdwhuldo sd|rv/ wkhuhiruh
wkh| duh dovr frqwlqxrxv lq pdwhuldo sd|rv1 Wkhq/ e| frqwlqxlw|/ shuwxuelqj wkh pdwhuldo
sd|rv ri erwk srolf| jdphv durxqg wkh ruljlqdo ydoxhv rqh qgv +lqqlwh, vhtxhqfhv ri rwkhu
+v|pphwulf dqg dv|pphwulf, srolf| jdphv iru zklfk E  F/ E&  F&> dqg Ec& A Fc&=
Wkh vwdwhphqw iroorzv iurp wklv wrjhwkhu zlwk wkh dvvxpswlrqv wkdw ghohjdwlrq lv fuhgleoh
dqg ghohjdwhv duh lqghshqghqw1 
Surri ri Sursrvlwlrq 71 Frqvlghu wzr v|pphwulf frxqwulhv dqg wzr frpsohphqw srolf|
lvvxhv m dqg n vxfk wkdw lv E  F/ E&  F&> dqg Ec& A Fc&= Vxssrvh erwk jryhuqphqwv
kdyh dssuryhg wkh uxoh lq wkh vwdwhphqw ri wkh sursrvlwlrq dqg kdyh ghohjdwhg frqwuro rq
wkh wzr lvvxhv wr wzr lqghshqghqw djhqflhv/ dqg wkdw frrshudwlrq lv ehlqj vxvwdlqhg rq
erwk lvvxhv1 Ehfdxvh Ec& A Fc& hdfk jryhuqphqw zrxog jdlq li lw frxog uhqhjrwldwh wkh
ghohjdwlrq frqwudfw/ wdnh edfn frqwuro rq wkh srolf| lvvxhv/ dqg ghihfw xqlodwhudoo| rq erwk
lvvxhv1 Exw vlqfh d sduoldphqwdu| glvfxvvlrq lv qhfhvvdu| iru dq| uhqhjrwldwlrq wr wdnh
sodfh/ wkh djhqflhv ri wkh rssrqhqw frxqwu| revhuyh wkdw uhqhjrwldwlrq lv wdnlqj sodfh ehiruh
uhqhjrwldwlrq lv frpsohwh dqg wkh ghyldwlrq rffxuv1 Revhuylqj wkh uhqhjrwldwlrq surfhvv/ wkh
rssrqhqw jryhuqphqw*v djhqflhv iruhfdvw wkh uhqhjrwldwlqj jryhuqphqw*v ghyldwlrq dqg uhdfw
rswlpdoo| e| dovr ghyldwlqj +dv d vwulfwo| grplqdqw vwudwhj|,1 Lw iroorzv wkdw uhqhjrwldwlrq
fdqqrw ohdg wr vkruw0uxq jdlqv iurp d xqlodwhudo ghihfwlrq/ zkloh lw lqgxfhv d orvv ri ixwxuh
jdlqv iurp frrshudwlrq1 Ehfdxvh uhqhjrwldwlrq lv qhyhu surwdeoh/ ghohjdwlrq lv fuhgleoh dqg
wkh vwdwhphqw iroorzv1 









 \> dqg hdfk frxqwu| l lv zloolqj wr uhvshfw dq lqwhuqdwlrqdo srolf| djuhhphqw li E 
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F= Zkhq fuhgleoh ghohjdwlrq lv ihdvleoh frxqwulhv fdq vwloo djuhh qrw wr ghohjdwh dorqj wkh
frrshudwlyh htxloleulxp/ vr wkdw wkhlu vwdwlf ehvw uhvsrqvh ixqfwlrq lv qrw dhfwhg e| wkh





 \ @ E1 Lq wkh qrq0frrshudwlyh skdvh frxqwulhv duh qrz
fdxjkw lqwr wkh ghohjdwlrq Sulvrqhu*v Glohppd rewdlqlqj \ ? \ hdfk shulrg1 Wkhq wkh frvw








A F/ wkhuhiruh E  F lv dozd|v
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^58` Pdjjl/ J1/ 4<<9 +uhy1 4<<:,/ Wkh uroh ri pxowlodwhudo lqvwlwxwlrqv lq lqwhuqdwlrqdo wudgh
frrshudwlrq/ Zrrgurz Zlovrq Vfkrro Zrunlqj Sdshu/ Sulqfhwrq Xqlyhuvlw|1
^59` PfFdooxp/ E1W1/ 4<<8/ Wzr idoodflhv frqfhuqlqj fhqwudo0edqn lqghshqghqfh/ Dphulfdq
Hfrqrplf Uhylhz ;8/ 53:05441
^5:` PfNleelq/ Z1M1 dqg M1G1 Vdfkv/ 4<<4/ Joredo Olqndjhv= Pdfurhfrqrplf Lqwhughshq0
ghqfh dqg Frrshudwlrq lq wkh Zruog Hfrqrp| +Zdvklqjwrq/ G1F1/ Eurrnlqj Lqvwlwx0
wlrq,1
4:
^5;` Shwhuv/ J1K1 dqg E1I1 Vwdqwrq hgv1/ 4<<4/ Vxvwdlqdeoh djulfxowxudo ghyhorsphqw= Wkh
uroh ri lqwhuqdwlrqdo frrshudwlrq= Surfhhglqjv ri wkh 54vw Lqwhuqdwlrqdo Frqihuhqfh ri
Djulfxowxudo Hfrqrplvwv +Gduprxwk/ Doghuvkrw XN,1
^5<` Ulh}pdq/ U1/ 4<<4/ G|qdplf wdulv zlwk dv|pphwulf lqirupdwlrq/ Mrxuqdo ri Lqwhuqd0
wlrqdo Hfrqrplfv 63/ 59:05;61
^63` Urelqvrq/ M1/ 4<7:/ Ehjjdu0p|0qhljkeru uhphglhv iru xqhpsor|phqw/ lq Hvvd|v rq wkh
Wkhru| ri Xqhpsor|phqw/ 5qg Hglwlrq +Edvlo Eodfnzhoo/ R{irug,> uhsulqwhg lq Uhdglqjv
lq wkh Wkhru| ri Lqwhuqdwlrqdo Wudgh +Jhrujh Doohq dqg Xqzlq/ Orqgrq/ 4<83,1
^64` Vdfkv/ M1/ 4<;:/ Lqwhuqdwlrqdo srolf| frruglqdwlrq= wkh fdvh ri wkh ghyhorslqj frxqwu|
ghew fulvlv/ Q1E1H1U1 Zrunlqj sdshu Q1 55;:1
^65` Vfkhuhu/ I1P1/ 4<<7/ Frpshwlwlrq Srolflhv iru dq Lqwhjudwhg Zruog Hfrqrp|/ +Lqwhjudw0
lqj Qdwlrqdo Hfrqrplhv= Surplvhv dqg Slwidoov vhulhv/ Eurrnlqj Lqvwlwxwlrq/ Zdvklqj0
wrq/ G1F1,1
^66` Vflwryv}n|/ W1/ 4<75/ D uhfrqvlghudwlrq ri wkh wkhru| ri wdulv/ Uhylhz ri Hfrqrplf
Vwxglhv <> uhsulqwhg lq Uhdglqjv lq wkh Wkhru| ri Lqwhuqdwlrqdo Wudgh +Jhrujh Doohq
dqg Xqzlq/ Orqgrq,/ 4<831
^67` Vnolydv/ V1G1/ 4<;:/ Wkh vwudwhjlf fkrlfh ri pdqdjhuldo lqfhqwlyhv/ Udqg Mrxuqdo ri
Hfrqrplfv 4;/ 785078;1
^68` Vreho/ M1/ 4<;4/ Glvwruwlrq ri xwlolwlhv dqg wkh edujdlqlqj sureohp/ Hfrqrphwulfd 7</
8<:094<1
^69` Vsdjqror/ J1/ 4<<9d/ Pxowlpdunhw frqwdfw/ qdqfldo frqvwudlqwv dqg frooxvlrq= rq h{0
wuhpdo htxloleuld ri lqwhughshqghqw vxshujdphv/ Zrunlqj Sdshu lq Hfrqrplfv dqg Il0
qdqfh Qr1 437/ Vwrfnkrop Vfkrro ri Hfrqrplfv +iruwkfrplqj lq wkh Mrxuqdo ri Hfrqrplf
Wkhru|,1
^6:` Vsdjqror/ J1/ 4<<9e/ Rzqhuvkls/ frqwuro/ dqg frooxvlrq/ Zrunlqj Sdshu lq Hfrqrplfv
dqg Ilqdqfh Qr1 46</ Vwrfnkrop Vfkrro ri Hfrqrplfv1
^6;` Vsdjqror/ J1/ 4<<9f/ Lvvxh olqndjh/ ghohjdwlrq/ dqg lqwhuqdwlrqdo srolf| frrshudwlrq/
Qrwd gl Odyrur Qr1 7<1<9/ Irqgd}lrqh HQL Hqulfr Pdwwhl/ Plodqr1
^6<` Vwdljhu/ U1Z1/ 4<<8/ Lqwhuqdwlrqdo uxohv dqg lqvwlwxwlrqv iru wudgh srolflhv/ lq N1 Urjr
dqg J1 Jurvvpdq hgv1/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1LLL +Hovylhu Vflhqfh/
Dpvwhugdp,1
4;
^73` ydq Gdpph/ H1/ 4<;</ Uhqhjrwldwlrq0surri htxloleuld lq uhshdwhg Sulvrqhu*v Glohppd/
Mrxuqdo ri Hfrqrplf Wkhru| 7:/ 539054:1
^74` Ylfnhuv/ M1/ 4<;8/ Ghohjdwlrq dqg wkh wkhru| ri wkh up/ Hfrqrplf Mrxuqdo <8 +Vxssoh0
phqw,/ 46;047:1
4<
